Four Gallinacin genes and Salmonella response in chickens by Hasenstein, J. R. & Lamont, Susan J.
Animal Science Conference Proceedings and 
Presentations Animal Science 
2006 
Four Gallinacin genes and Salmonella response in chickens 
J. R. Hasenstein 
Iowa State University 
Susan J. Lamont 
Iowa State University, sjlamont@iastate.edu 
Follow this and additional works at: https://lib.dr.iastate.edu/ans_conf 
 Part of the Genetics Commons, Immunology and Infectious Disease Commons, and the Poultry or 
Avian Science Commons 
Recommended Citation 
Hasenstein, J. R. and Lamont, Susan J., "Four Gallinacin genes and Salmonella response in chickens" 
(2006). Animal Science Conference Proceedings and Presentations. 60. 
https://lib.dr.iastate.edu/ans_conf/60 
This Conference Proceeding is brought to you for free and open access by the Animal Science at Iowa State 
University Digital Repository. It has been accepted for inclusion in Animal Science Conference Proceedings and 
Presentations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Four Gallinacin genes and Salmonella response in chickens 
Abstract 
Salmonella enterica serovar Enteritidis (SE) is a common cause of food poisoning. Through genetic 
selection of poultry breeding populations by using molecular markers, a greater protection against 
bacterial infections may be obtained while simultaneously reducing dependence on antibiotic use. 
Gallinacin genes encode proteins important in innate immunity. Four Gallinacin genes (Gal 6, 11, 12, 13) 
were selected analyzed by PCR and SNaPshotTM, to detect associations with post-challenge burden of 
SE. Significant associations (P<0.05) were detected between the cecal content SE bacterial burden and 
Gal 6, Gal 11, and Gal 13 in the Broiler × Fayoumi AIL-F8; and Gal 12 in the Broiler × Leghorn AIL-F8. These 
Gallinacin SNPs may be useful in a marker-assisted selection program to improve pre-harvest food safety 
by genetically enhancing innate immunity to SE. 
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FOUR GALLINACIN GENES AND SALMONELLA RESPONSE IN CHICKENS  
 
 
J.R. Hasenstein and S.J. Lamont 
 
Department of Animal Science, Iowa State University, Ames IA 50011, USA 
 
INTRODUCTION 
The beta-defensin family, also known as Gallinacins in poultry, is critical in the response of 
the innate immune system to Gram-negative bacteria (Lynn et al. 2004).  The Gallinacins are 
small peptides, typically less than 100 amino acids in size, which have been mapped in chicken 
within a 86-kb region of chromosome 3q3.5-q3.7 (Xiao et al. 2004).  Gal 6 exhibits expression 
mainly in bone marrow cells and cells of the respiratory tract while Gal 11, 12, and 13 are 
preferentially in liver, kidney, testicle, ovary, and male and female reproductive tract tissues 
(Xiao et al. 2004).  This wide range of expression of the Gallinacins demonstrates the 
importance of these peptides as a bridge between the innate and adaptive immune response in 
chickens (Zhao et al. 2001). 
 
Salmonella enterica serovar Enteritidis (SE) belongs to a genus of Gram negative, non-spore-
forming, usually motile, facultative anaerobic bacilli of the family Enterobacteriaceae and is 
the most common cause of food poisoning cases in the United States (Rodrigue et al. 1990).  
Through genetic selection using molecular markers to enhance the chicken’s innate immune 
system, a greater protection against bacterial infections may be obtained while simultaneously 
reducing dependence on antibiotics.   
 
Candidate gene theory states that a significant proportion of the variation in any given 
population is comprised of major candidate genes associated with that trait, and it is possible to 
identify those genes (Rothschild and Soller 1997).  The Gallinacin genes are well suited for 
candidate gene analysis based upon the genes’ genomic organization, tissue expression, and 
their roles in the innate immune system.  Gal 2-5, and 7 were previously analyzed for SNP 
associations with SE bacterial burden after challenge (Hasenstein et al. 2005). 
 
MATERIAL AND METHODS 
Experimental Animals, SE Pathogenic Challenge, and Quantification of Bacterial Load.    
Two related, eight-generation (F8) advanced intercross lines (AIL) were created from the Iowa 
Salmonella response resource population.  The two AIL were initiated by crossing four males 
of an outbred broiler breeder elite male line with dams from two highly inbred lines (>0.99 
inbreeding): one Fayoumi (M15.2) and one Leghorn line (G-B2) (Zhou and Lamont 1999).  
The F8 AIL chicks (N = 133) from 2 hatches were inoculated intraesophageally at 1 day of age 
with pathogenic SE (Kaiser and Lamont 2002).  Half of the birds were euthanized at 7 days of 
age, the remaining half at 8 days.  The SE culture and quantification procedure were previously 
described (Kaiser and Lamont 2001).  Samples from the spleen tissue and cecal content were 
quantified for SE burden by measured colony forming units (cfu’s), after enrichment and serial 
cultures.   
 
DNA Isolation, PCR, and Sequencing.  Genomic DNA was prepared from chicken 
erythrocytes using a PUREGENE® DNA purification kit (Gentra Systems, Minneapolis, MN).  
A primer pair was developed for each gene by using Primer3 (Rozen and Skaletsky 2000), and  
genomic DNA sequence in GenBank (Table 1).  PCR reactions were performed using 25-µl 
reaction volumes, which contained 25 ng of chicken genomic DNA, 0.8 µM of each primer, 
200 µM of each dNTP, 1 unit of Taq DNA polymerase (Promega Corporation, Madison, WI), 
2.5 µL of 10x PCR reaction buffer, and 1.5 mM MgCl2.  The following cycling conditions 
were used: initial denaturation at 94ºC for 3 min, 39 cycles at 93ºC for 45 s, optimum 
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annealing temperature for 30 s (Table 1), 72ºC for 1 min, and a final extension step of 72ºC for 
10 min.  PCR products were purified using ExoSAP-IT (Amersham Bioscience, Pittsburgh PA) 
and sequenced on an ABI 377 sequencer (Perkin Elmer, Foster City, CA) at ISU DNA 
Sequencing Facility.  Sequence assembly and identification of single nucleotide polymorphism 
was conducted using Sequencher software (Gene Codes Corporation, version 4.2, Ann Arbor, 
MI). 
 
TABLE 1. Primer sequence and PCR conditions for SNPs of Gal 6, Gal 11, Gal 12, and Gal 13. 
 
Gene /                     Primer Sequences       PCR             Annealing        SNP 
Position         
GenBank #                  (forward/reverse)       Product Size      Tm/Time        
(Nucleotides)       
 
   Gal 6         5’- ACTCTGATTTGGGGAGAGGAA -3’     457 bp        60.0 oC / 30 s           Pos. 294  
AY621321      5’- TGCCCACCAGTAGGTATTCTG -3’                                    (G/T) 
 
   Gal 11          5’- TGCCTTTGCTTTTGAGGACTA -3’     532 bp        60.0 oC / 30 s             Pos. 325      
AY621326      5’- GGTTTCCAAGGGTTTAACAGC -3’                 (T/C) 
 
   Gal 12         5’- GGAACCTTTGTTTCGTGTTCA -3’     553 bp        59.0 oC / 30 s             Pos. 134  
AY621327      5’- CAGAGAATGACGGGTTCAAAG -3’                 (A/G) 
 
   Gal 13         5’- AGCTGTGCTGTTTGACTGGTT -3’         589 bp        60.0 oC / 30 s             Pos. 254 
AY621328      5’- TAGGGAGCTTCATGGTGAGTG -3’                           (A/G) 
 
 
SNaPshotTM analysis of genes.    Isolated PCR products for Gal 6, 11, 12, and 13 were 
combined into one reaction per individual in the F8 generation.   A single gene-specific primer 
was created for identified polymorphisms, with the primer consisting of gene sequence up to 
the base pair exactly 5’ of the identified polymorphism (Gal 6 - 5’- GACTG 
ACTGACTGACTGACTGACTCATGGTGGTGTCAGCAGC-3’, Gal 11 - 5’- AAAAAAAA 
AAAATCTGGCAGCTTCTCTACAAC-3’, Gal 12 - 5’- GACTGACTGACTGACTGACTG 
ACTGACTGACTGACTGACTGACTCAGAAACCTGAGGATGCCTT-3’, Gal 13 – 5’-
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGTTACACCATCACAGTCCTC-3’).  
The variable length primers were pooled for use in the SNaPshotTM reaction.  A fluorescently 
labeled ddNTP extension reaction was performed using 5-µl reaction volumes, which 
contained 1.5 µL of pooled PCR product, 0.5 µL of pooled primer, 2.5 µL of SNaPshot 
Multiplex Ready Reaction Mix, and 0.5 µL of water.  The following cycling conditions were 
used: 25 cycles at 96ºC for 10 s, 50ºC for 10 s, 60ºC for 30 s, and held at 4ºC for 10 min.  Post-
extension treatment was performed by the addition of 1.0 unit of Shrimp Alkaline Phosphatase 
(Promega Corporation, Madison, WI) for one hour at 37ºC followed by 15 min at 75ºC to 
deactivate the enzyme.  SNaPshotTM products were run by electrophoresis on the ABI Prism 
3100 Genetic Analyzer by the Iowa State University DNA Sequencing and Synthesis Facility 
following protocol for the ABI Prism® SNaPshotTM Multiplex Kit (Applied Biosystems, Foster 
City, CA).  Allele calling was performed using GenotyperTM v1.1.   
 
Statistical Analysis.  Association between the identified SNPs of the F8 chicks and the SE 
bacterial count at each site was determined through a linear mixed model using the JMP 
program (Sall and Lehman 2000).   
 
Y klmnpqrst = µ + Alelle k + Line l + Sex m + Nec. Day n + Body Wt p+ Sire[Line] q  
               + Dam[Line,Sire] r + Room s + Hatch t + Hatch x Room st + e klmnpqrst 
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where Y klmnpqrst is defined as the response variable from each individual F8 bird (natural 
logarithms of bacterial count in spleen tissue or cecal content).   
 
RESULTS AND DISCUSSION 
Single nucleotide polymorphisms (SNP) detection and rate.  A total of 26 SNPs were 
identified within the 2.1 kb of DNA of Gallinacin genes sequenced from each of the 8 
individual sequence-test birds.  This equates to 12.3 SNPs/kb, well above the reported one SNP 
per 347 bp across the entire chicken genome (Burt 2005; Ellegren 2005).  The SNPs that were 
selected for analysis were all intronic.     
 
Association of the Gallinacin genes with host response to SE.  The results for the association 
analysis of Gallinacin genes and SE response for the F8 AIL progeny are summarized in Table 
3.   Non-significant variables (Sex, Necropsy. Day, Body Wt, Sire[Line], Dam[Line, Sire], 
Hatch, Hatch x Room) were excluded from the model for the final analysis.  In both AIL, there 
was no significant association of the Gallinacin SNP and SE bacterial load in the spleen.  In the 
Broiler X Fayoumi AIL-F8, significant associations were detected between the cecal content 
bacterial burden and Gal 6 (P<0.03), Gal 11 (P<0.01), and Gal 13 (P<0.05).  In the Broiler X 
Leghorn AIL-F8 , the Gal 12 SNP had a significant association (P<0.02) with cecal content 
bacterial load. (Table 2)   
 
TABLE 2.  Associations (P-value) between Gal 6, Gal 11, Gal 12, and Gal 13 
polymorphisms and post challenge bacterial load in two advanced intercross lines 
 
Broiler X Fayoumi                 Broiler X Leghorn 
             Gene           Cecum            Spleen      Cecum   Spleen 
 
             Gal 6              0.03              0.30                     0.32      0.29  
             Gal 11              0.01              0.91                     0.83      0.56 
             Gal 12              0.60              0.49                     0.02      0.71 
             Gal 13              0.05              0.70                             0.12      0.29 
 
The differences between advanced intercross lines may be attributed to the loci where the 
alleles differed between the two maternal inbred lines, creating non-complimentary samplings 
of the available alleles.  The maternal alleles from the original cross would account for any 
differences between the two AILs.  In the current study, chicks were administered SE intra-
esophageally, to model the natural route of exposure through the gastrointestinal tract.  The 
observed associations between the Gallinacin SNPs and bacterial burden present in the cecal 
content support the reported role of beta-defensin peptides.  The intronic Gallinacin SNPs may 
be markers for a causal mutation that increases the recognition of the bacteria in the initial 
stages of infection while inducing other cells, such as dendritic cells, to mature (Ganz 2003).   
 
CONCLUSION 
The results of the current study utilized variable-length gene-specific primers to identify an 
association between Gal polymorphisms and SE bacterial burden in the poultry cecum.  An 
AIL was used to capture a reduction in size of linkage blocks, relative to those present in  
earlier generation mapping populations.  The intercrossing of multiple generations reduced the 
linkage disequilibrium that is present in either F1 or F2 populations.  With the reduction of LD, 
detected marker SNPs are likely more closely linked to the causal mutation.  Multiple genes 
were genotyped per individual simultaneously, opening the possibility for haplotype analysis 
along with multi-gene selection.  SNaPshot was utilized for the ability to multiplex multiple 
genes into a single reaction and provided the ability to genotype SNPs simultaneously without 
using restriction enzyme digests, thus reducing the cost of genotyping individual candidate 
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genes. The SNPs analyzed within the Gallinacin candidate genes could potentially be used as 
markers for immune function in selection programs to enhance response to Salmonella.  
Through analysis of function of the Gallinacin genes in the protective pathways of disease 
resistance, possibilities for therapeutic strategies using endogenous antimicrobial peptides to 
counteract SE infections in poultry may be developed.  
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